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Introduction
South Africa formally adopted an inflation targeting monetary policy regime in February 2000, with the announcement of a 3-6 per cent target for 2002 onwards. Following the development of inflation targeting as a monetary framework, and its implementation by New Zealand's and Chile's central banks in 1990, numerous countries chose similar policy frameworks to replace discretionary policies that had aimed at stabilizing a measure such as gross domestic product (GDP), unemployment, or an exchange rate (Svensson 2010) .
Inflation targeting includes more than the choice of policy target. It is widely accepted that a full inflation targeting regime includes five elements: (1) the public announcement of medium-term numerical targets for inflation; (2) an institutional commitment to price stability as the primary goal of monetary policy, to which other goals are subordinated; (3) an information-inclusive strategy in which many variables, and not just monetary aggregates or the exchange rate, are used for deciding the setting of policy instruments; (4) increased transparency of the monetary policy strategy through communication with the public and the markets about the plans, objectives, and decisions of the monetary authorities; and (5) increased accountability of the central bank for attaining its inflation objectives (Mishkin 2000) . While adoption of inflation targeting always involves a regime with an announced inflation target, individual countries' frameworks combine some or all of the elements to different degrees. South Africa's framework includes all five elements and since inception has evolved to strengthen several, especially transparency.
This study examines the operation of monetary policy using quarterly data from 1994 through 2015 and the sub-period covering 2002-15, when monetary policy was formally defined by inflation targeting. The principal research question we address is the extent to which the monetary policy instrument, the South African Reserve Bank's (SARB) repo rate, has systematically responded to deviations of an inflation measure from its target range and its responsiveness to other variables such as the output gap and unemployment gap. We model the SARB's monetary policy reaction function as a Taylor rule, with measures related to inflation and the output gap as arguments.
Estimates for many countries have found that a Taylor rule does describe the monetary policy reaction function well, but that result would not be expected for a country that has a simple and rigid regime that targets only currently observed inflation and adjusts policy to correct only for current inflation deviations. In such a model, the coefficient on the output gap or other variables would be expected to be not significantly different from zero. Our estimates shed light on whether the SARB has focused on current inflation alone.
The issue is important for South Africa's choice of macroeconomic strategy. At various times since the introduction of inflation targeting, political and technical debates have included prominent criticisms of inflation targeting or the interest rate policies resulting from it. For example, pressure for SARB to abandon interest rate policies pursued under inflation targeting has been voiced by the trade union confederation, COSATU, which argued in 2007 and subsequently 'that the narrow focus on inflation targeting is not an appropriate monetary policy approach' (COSATU 2007 (COSATU , 2011 . Similarly, some independent experts have argued for flexibility in the SARB's operation of inflation targeting to make interest rate setting responsive to GDP growth and unemployment, as well as inflation (Business News 2016).
Although critics argue against a narrow South African inflation targeting regime defined in terms of current inflation, the SARB, like other central banks, defines its approach as flexible inflation targeting (Marcus 2015) . Explicitly, its flexibility is marked by targeting a band of inflation rates rather than a specific level, but it also has discretion over the speed with which it aims to achieve corrections to the target band (policy rate smoothing) and has the ability to take into account the sources of inflation shocks when determining the policy interest rate (van der Merwe 2004). Since SARB's explicit mode is to target expected inflation, the Monetary Policy Committee (MPC) could be expected to form its own expectations on the basis of maximum available information and take into account numerous indicators of broad economic conditions, including measures of the output gap and labour market conditions. With unemployment in South Africa remaining high at around 25 per cent, or 33 per cent on a broad measure including discouraged work seekers, the extent to which its monetary policy has actually followed a Taylor rule responding partly to measures of the output gap or unemployment while maintaining its focus on the inflation target is of particular importance. The theoretical foundations of Taylor rule policies relate to medium-term, countercyclical measures, while-as indicated by long-term unemployment persistently being around 66 per cent of the totalstructural unemployment is a high proportion of South Africa's total.
In this paper, we aim to investigate whether a Taylor rule accurately describes the SARB's policy rate decisions during the official inflation targeting period, which formally commenced in February 2000, by estimating the SARB's monetary policy reaction function as a modified Taylor rule, framed in terms of measures of expected inflation and labour market slack.
Our results suggest that the SARB's monetary policy reaction function is not distinguishable from a stochastic modified Taylor rule; its rate setting is a function of both expected inflation and labour market slack. The finding is similar to that of Ellyne and Veller (2011) , who find that a Taylor rule equation fits the data more strongly for the period after the formal adoption of inflation targeting than before. Our study strengthens that finding by addressing two sources of potential mismeasurement. Instead of using current inflation as a proxy for expected inflation, we use direct measures of inflation expectations; and instead of using a Hodrick-Prescott (HP) measure of the GDP output gap (Hodrick and Prescott 1997) , we use measures of labour market slack.
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Literature review
The rule developed by Taylor (1993) as a guide for monetary policy prescribes setting the policy rate as a function of two variables: current inflation's deviation from a target rate, and a measure of the GDP output gap:
where i is the policy rate, * r is the long-run or equilibrium interest rate, * π is the central bank's inflation target, π is the rate of inflation over the last four quarters, and y is the output gap. The output gap is calculated as
where Y is real GDP and * Y is trend real GDP. 
where R t i is the interest rate that the classic Taylor rule (Equation (1)) would prescribe, t i is the policy rate, * i is the 'neutral' interest rate, t π is the current inflation rate, T t π is the inflation target, and t y is the output gap. The degree of smoothing (characteristic of policy flexibility) is captured by λ , where higher values correspond to more smoothing.
Treating inflation targeting as forward-looking, Equation (4) may be written as:
Since the model's key variables, including t y and e t π , may be represented by various measures, studies vary in part according to the modeller's choice of measured or estimated variables. Using survey-based estimates of inflation expectations, our study investigates the effect of using measures of labour market slack instead of the output gap as an explanatory variable, following an approach initiated by Orphanides (2002) , Orphanides and Williams (2002) , and others.
Labour market slack
Since the output gap is not observable, many researchers use a HP filter to estimate capacity output, but the likelihood of measurement error cannot be discounted; Kendall and Ng (2013) find that a simple HP filter may produce output gaps that can be highly uncertain. Although the natural rate of unemployment is also not directly observable, an alternative specification of a Taylor rule uses deviations of unemployment from the natural rate-the unemployment gap-instead of the output gap.
Orphanides (2002) used a forward-looking Taylor rule based on perceptions regarding the outlook for inflation and unemployment to evaluate monetary policy in the United States during the 1970s and found that policy responded strongly to forecasts of inflation and the unemployment gap. This is an important consideration for the aims of our paper, and we take into account the following forward-looking version of a Taylor rule that was estimated assuming the policy objective is to maintain unemployment at its full-employment non-inflationary level (the NAIRU or natural rate, * u ) and inflation around a target, * π :
where f denotes the fed funds rate or the policy instrument, * r the 'natural' rate of interest, π the outlook for inflation, and u the outlook for unemployment.
Despite the difficulty of quantifying the natural rate of unemployment, Orphanides and Williams (2002) consider a variant of a Taylor rule that responds to the unemployment gap instead of the output gap, assuming that the two are related by Okun's Law (Okun 1962) :
where t f is the federal funds rate, t π is the rate of inflation, t u is the rate of unemployment, * π is the policy maker's inflation target, and * t r and * t u are the policy maker's estimates of the natural rate of interest and unemployment, respectively. (2002) also explore two generalizations of a Taylor rule in an attempt to mitigate the problem of natural rate mismeasurement, namely replacing the response to the unemployment gap with a response to the change in the unemployment rate and the incorporation of policy inertia. In general, the unemployment rate is not a perfect substitute for responding to the unemployment gap directly. However, responding to the change in the unemployment rate could be effective because it calls for an easing of policy when unemployment is rising and tightening when unemployment is falling. Meanwhile, incorporating inertia could significantly improve the stabilization performance of a Taylor rule in forward-looking models, while reducing the influence of the estimate of the natural rate of interest on the current setting of monetary policy and, therefore, the extent to which misperceptions regarding the natural rate of interest affect policy decisions. An example of a policy rule that is immune to natural rate mismeasurement presented by Orphanides and Williams (2002) is:
Orphanides and Williams
In practice, Equation (10) is simpler to implement than a Taylor rule because it does not require knowledge of the natural rates of interest or unemployment. However, this type of rule ignores potentially useful information about the natural rates of interest and unemployment. Furthermore, its performance relative to a Taylor rule and the generalized rule will depend on the degree of mismeasurement and the structure of the model economy.
In comparing various measures of the natural rate of unemployment, including HP and band-pass filters, the authors find widespread divergence in natural rate measures. Such uncertainty over the natural rate may lead to its underestimation and, consequently, policy decisions that are costly for the real economy in terms of unutilized resources.
We face similar challenges in quantifying the natural rate of unemployment in South Africa, with limited research on the topic. In order to address the problem of under-or overestimating the natural rate of unemployment, we assume a natural rate of unemployment of 25 per cent, which is also the average unemployment rate in South Africa. This is in line with Viegi (2015) , who used a New Keynesian DSGE (dynamic stochastic general equilibrium) model with unemployment in order to examine how the labour market structure affects the transmission of monetary policy. The author argues that due to sticky wages-weak response of wages to changes in employmentin South Africa, the SARB faces a short-run employment-inflation trade-off. This, in turn, has implications for the efficiency of monetary policy and inflation targeting regime and provides motivation for estimating an unemployment-augmented Taylor rule.
Two things stand out from the literature presented above. First, since the natural rate of unemployment is difficult to estimate accurately, there are implications for how we measure the unemployment gap. Second, the literature on monetary policy rules has typically assumed that unemployment gaps and output gaps can be viewed as roughly equivalent (Orphanides 2002), while ignoring any broader measures of labour market slack.
Those observations are registered by Erceg and Levin (2013) , who point out that macroeconomists have largely focused on the unemployment rate as a business cycle indicator instead of the labour force participation rate (LFPR), with consequences for the design of monetary policy. Using a New Keynesian model, the authors find that labour market slack is not well summarized by the unemployment gap, especially in recessionary periods. They conclude that monetary rules may have to be adapted to account for broader measures of labour market slack, such as the LFPR. This may have very different implications for how the economy recovers from a deep recession than 'standard' rules that focus on the unemployment gap. This same sentiment is expressed by Blanchflower and Levin (2015) . However, one drawback identified in this area of research is that it does not incorporate the trade-off between inflation stabilization and the LFPR gap. We attempt to address this shortfall using an LFPR-augmented Taylor rule in addition to an unemploymentaugmented Taylor rule.
South African Taylor rule estimates
Empirical research on the SARB's monetary policy reaction function finds that a Taylor rule provides a good fit for the inflation targeting period. While Ellyne and Veller (2011) find that the SARB's policy has been closer to a Taylor rule in the period of inflation targeting than previously, its policy actions show a high degree of flexibility in targeting inflation; estimated reaction function coefficients on both the inflation gap variable and the output gap variable are significant, but the inflation gap coefficient is notably lower than that on the output gap (and the values violate the Taylor principle). Similarly, Klein (2012) finds that SARB policy is well-described by a Taylor rule, noting that the implicit inflation target is at the upper level of the band with the inflation target gradually creeping up. Du Plessis and Smit (2003) estimate an extended policy rule for the period 1986-93, making use of a monetary M3 target and the output gap, and 1994-2002, which includes inflation and the output gap, in line with inflation targeting.
To the best of our knowledge, estimating a Taylor rule for South Africa using the unemployment gap and the LFPR has not been carried out. We do this by estimating a modified Taylor rule type of model to study the effects on policy of unemployment changes and labour force participation movements.
Methodology
Using ordinary least squares (OLS) to estimate alternative specifications of a Taylor rule we first follow Kendall and Ng (2013) and estimate a 'classic' Taylor rule with an output gap, and compare the results with alternatives in which the output gap is replaced by an unemployment gap, and finally by an LFPR gap. The specification for the classic Taylor rule regression is as follows:
where: R t i is the interest rate that the classic Taylor rule would prescribe, t π is the inflation rate or inflation expectations, T t π is the target inflation target (we use the midpoint of the 3-6 per cent target range, namely 4.5 per cent), t y is real annualized output, and pot t y is potential output.
When using an unemployment gap, the regression equation is specified as follows:
where: t u is the unemployment rate and * t u is the natural rate of unemployment.
Lastly, our LFPR gap regression is as follows:
where: LFPR t is the labour force participation rate and * t LFPR is the long-term average of the labour force participation rate.
Data
Our full dataset comprises quarterly data from 1994Q1 to 2015Q3. Although data are available from 1994 onwards, using data post-2000 captures the inflation targeting period; the sample 2000Q1 to 2015Q3 is used for our central estimates.
The main instrument for monetary policy in South Africa is the repurchase (or repo) rate. Changes in the repo rate affect the demand and supply of goods and services which, in turn, is a source for inflationary pressure. As such, our dataset consists of different measures of inflation, including headline inflation and inflation expectations, the SARB's repo rate, real annualized GDP, the official unemployment rate provided by Stats SA, and lastly, various measures of an output gap and an unemployment gap. 1 Typically, the output gap and the unemployment rate should move in the same direction; however, this depends on the participation rate. Hence, we also consider a Taylor rule augmented with the LFPR. 2 The two main data sources are Stats SA and the SARB. Using these variables, we were able to calculate the deviation of inflation and inflation expectations from the target as well as various gaps that are used in our Taylor rule estimations. Inflation expectations are only available from 2002Q3, which is after formal inflation targeting was implemented in February 2000.
More details on the variables that were used are provided in Table A1 in the Appendix. Stationarity tests were also carried out, indicating, as shown in the Appendix, that the time series in levels are stationary.
Since the simple HP filter may produce output gap measures that are unreliable, as a robustness test we calculate two output gaps in 2010 prices using two different formulae. RGDP_2010_GAP is the output gap in 2010 prices calculated using the output gap formula provided by Taylor (1993) , while OUT_GAP_2010_PERC is the difference, in logs, between annualized real GDP in 2010 prices and trend GDP obtained using the HP filter. As can be seen in Figure 1 , these two measures are practically identical. RGDP_2005_AR_GAP is calculated in the same way as RGDP_2010_GAP (i.e. using Taylor 1993); however, this is calculated using 2005 prices and is used in the estimations below as a potential proxy of the unrevised data that the SARB would have had at their disposal in making their policy rate decisions. As can be seen, the three output gap measures largely map each other. Some differences can be seen towards the end of the period, given the rebasing of GDP data as well as data availability. Source: authors, based on Taylor (1993) .
Empirical results
In this section, we provide the results of our estimates for (1) the classic Taylor rule, paying specific attention to inflation expectations; and (2) a Taylor rule containing labour market variables as explanatory variables. Table 1 provides our classic Taylor rule estimates using rebased GDP data in 2010 prices. Our apriori expectations for the classic Taylor rule are in line with Taylor (1993) . Specifically, we expect to see positive coefficients on both the output gap and inflation deviation measures, with more weight (i.e. a larger coefficient) given to the deviation of inflation than to the output gap, in line with the SARB's mandate of price stability. In Taylor (1993) , the coefficients on the output gap and inflation deviation variable were found to be 0.5 and 1.5, respectively. In the first specification (column A) in Table 1 , we make use of the deviation of current headline inflation from the midpoint of the SARB's target range together with an output gap measure. The CPI_DEVIATION variable, which is the deviation of headline inflation from the midpoint of the SARB's target range, has a coefficient close to unity, while the estimated coefficient on the output gap is not significant, suggesting that monetary policy has followed an inflation targeting rule without flexibility. This finding, which is contrary to the Reserve Bank's and others' descriptions of policy-making, is not borne out when we estimate models of policy rules that take account of labour market conditions.
In our second specification (column B) of Table 1 we include a 'neutral rate' instead of a constant to account for policy inertia. 3 All the variables appear to be significant; however, the estimated coefficients are a lot smaller than the canonical coefficients of Taylor (1993) , namely 0.5 for the output gap and 1.5 for the deviation of inflation from the target. Furthermore, in this specification the coefficient on the output gap is larger than on the CPI deviation variable. This result would imply that the SARB puts more weight on the output gap than inflation, which appears inconsistent with data showing that the rate of change of CPI has achieved a high degree of stability under the inflation targeting regime. Table 2 provides a summary of the Taylor rule estimates using inflation expectations data available from 2002Q3. These OLS regressions yield statistically significant results, while the coefficients are larger and more in line with our a-priori expectations than when using headline inflation as used in Table 1 , suggesting that the SARB targets expectations of inflation rather than current headline inflation. This is especially the case when using year-ahead inflation expectations (column E), in line with Taylor's (1993) rule, suggesting that the SARB is forward-looking in setting its policy rate, and puts more weight on the deviation of inflation expectations from its target than the output gap. This is in line with its mandate of price stability and could be employment enhancing if high inflation is detrimental to economic growth and employment creation. Our results suggest that inflation expectations are extremely important for the SARB when setting the interest rate. Indeed, it receives significant consideration in the communication of interest rate decisions, and hence we are not surprised that a Taylor rule using inflation expectations provides a good fit for the SARB's interest rate decisions. The inflation expectations used in Table 2 are aggregated inflation expectations of analysts, businesses, and trade unions. In order to infer whose expectations the SARB closely monitors when considering the interest rate, demand pressures, and the wider economy, in Table 3 we separately include year-ahead inflation expectations of these three groups. Using analysts' inflation expectations (column F) does not yield significant results. Furthermore, the coefficients are not in line with a-priori expectations. The results in the businesses' expectations specification (column G) are significant and in line with Taylor (1993) , who found a coefficient of 0.5 for the output gap and 1.5 for the deviation of inflation from the target. Trade union inflation expectations (specification H) are also statistically significant and in line with a-priori expectations.
Inflation expectations and a Taylor rule
In comparing the results, we find that the SARB may consider business and trade union expectations in making the policy rate decisions, given the significance of these two groups in our estimations. This could be because these two groups are seen as 'price setters' in the economy, whether it be directly via prices or indirectly via wages, while analysts are observers of the economy. Overall, the results confirm that inflation expectations are an important consideration for the SARB in making interest rate decisions, and that the SARB is forward-looking.
Unemployment and a Taylor rule
We introduce an innovation to South African literature by specifying a monetary policy reaction function with, alternately, the unemployment gap and deviation from the trend of the LFPR as explanatory variables. For the reasons offered by Erceg and Levin (2013) , the latter might be a better measure of labour market slack influencing monetary policy decisions than the former. Results are presented in Table 4 . Specification I considers the deviation of the official unemployment rate from an assumed natural rate of 25 per cent (Viegi 2015) and the deviation of headline inflation from the midpoint of the SARB's target range. The results are significant and in line with a-priori expectations. As in Orphanides and Williams (2002) , the negative relationship between the unemployment gap and the policy rate suggests that as unemployment rises above its natural rate, interest rates should fall to stimulate the economy to produce more, and hence increase demand for workers. When unemployment is falling, policy would tighten (i.e. interest rates would increase). However, the estimates suggest that a greater weight is placed on inflation in making monetary policy decisions, in line with the SARB's mandate of price stability.
Evidence from US data suggests that the LFPR is a significant component of labour market slack in addition to the unemployment rate, which only considers those seeking work. Whereas the participation rate has conventionally been modelled as a function of structural and demographic factors, Aaronson et al. (2012) , Van Zandweghe (2012), Sherk (2012) , and Hotchkiss and Rios-Avila (2013) find that a high proportion of decline in the US participation rate in the recession following the 2008 financial crash was cyclical. Similarly, while South Africa's unemployment rate rose from 21.5 per cent in 2008Q4 to 25.4 per cent in 2010Q3, the participation rate fell from 58.8 per cent in 2008Q4 to 55.4 per cent in 2010Q3 as discouraged people dropped out of the labour force entirely.
Erceg and Levin (2013) examine the implications for monetary rules and find that these rules may need to be adapted to take account of LFPR as a measure of labour market slack that is not fully captured in the unemployment rate. We introduce an innovation in specification J by using the deviation of the LFPR from its long-run average (57 per cent) as an alternative to the unemployment gap. This is because the LFPR is a broader measure of the conditions of the labour market that are not necessarily captured in the unemployment rate. We expect that if the participation rate falls below its long-run average, the SARB would reduce interest rates to stimulate domestic demand and output, and raise the participation rate back to its long-run average. Hence, the relationship is positive as the two variables are expected to move in the same direction.
The results confirm our a-priori expectations, with almost an equal weight given to inflation and the deviation of the LFPR from its long-run average. This is an important finding and could be used to confirm the results seen from the traditional Taylor rule as the LFPR may reflect economic conditions that are not captured in the unemployment rate.
Our results suggest that labour market slack, of which the unemployment gap and participation rate gap are components, does have a significant effect on the SARB's monetary policy, directly or indirectly. In following Taylor rule-like behaviour, the MPC might use these factors to confirm output gap measurements as the labour market measures avoid the difficulties associated with calculating potential growth and the output gap.
Conclusion
In this paper we set out to determine whether a Taylor rule accurately describes the SARB's policy rate decisions during the official inflation targeting period, and whether they account for labour market developments in making their policy rate decisions.
Our results indicate that the SARB's interest rate decisions are a close fit to a Taylor rule, especially when making use of inflation expectations instead of current headline inflation, suggesting the SARB is forward-looking in setting policy rates. Our results also indicate that in the classic Taylor rule setting, the SARB puts more weight on inflation expectations than the output gap, which aligns with the SARB's mandate of price stability. We also found that business and trade union expectations are of more significance in our Taylor rule specifications. This could be because these two groups are seen as price setters in the economy, either directly through prices, or indirectly through wages. This is an important consideration for policy, especially in anchoring expectations of those groups that weigh more heavily in the SARBs interest rate decisions. It also indicates that analysts struggle to persuade business and labour of the validity of their forecasts.
Another aim of the paper was to determine whether the SARB takes the unemployment gap into consideration when making interest rate decisions. We obtained significant results when accounting for the deviation of the unemployment rate from the natural rate of unemployment, which we assumed to be 25 per cent. The negative relationship between the unemployment gap and the repo rate suggests that as unemployment rises above its natural rate, interest rates should fall to stimulate the economy to produce more, and hence increase demand for workers.
Lastly, we included the LFPR as an explanatory variable in a Taylor rule and found that the participation rate may be a good proxy for labour market conditions as it reacts directly to economic conditions. Our results showed a positive relationship between the repo rate and the LFPR gap, showing that if the participation rate falls below its long-run average, the SARB would reduce interest rates to stimulate domestic demand and output, and raise the participation rate back to its long-run average. Thus, the SARB appears to consider the LFPR as an alternative to the traditional output gap measures used in addition to inflation deviations from the target. This may also prove to be a lot more robust to possible natural rate mismeasurements of output (otherwise known as potential output) or employment.
Possible future work on the South African Taylor rule could include estimating a Taylor rule that studies the potential effects of exchange rate movements on monetary policy. Such work would build on work done by Mohanty and Klau (2004) in their estimates of an augmented Taylor rule for 13 emerging economies, including India, Brazil, Chile, Mexico, and South Africa. In line with Mohanty and Klau's (2004) findings, our preliminary estimations using various exchange rate measures for South Africa were not significant and were not consistent with a-priori expectations. Mohanty and Klau (2004) did, however, find significant results when considering the exchange rate for most of the other emerging economies explored. Although South Africa's monetary regime excludes targeting the exchange rate, it is possible that interest rate policy is influenced by exchange rate movements. The exchange rate pass-through is cited as a risk for the inflation target in many of the SARB's MPC statements, and in his statement on 17 March 2016, SARB governor Lesetja Kganyago stated that 'The exchange rate of the rand continues to be highly volatile and vulnerable to changes in both domestic and external developments. While the pass-through from the exchange to inflation is still relatively low, there are signs that this may be increasing.' (SARB 2016: 8) .
Our paper confirms that the SARB's monetary policy reaction function behaves similarly to a stochastic Taylor rule when considering inflation expectations rather than headline inflation. Our paper further adds to the existing literature by distinguishing between business, analyst, and trade union inflation expectations in our Taylor rule estimations. We also found an alternative to the output gap in a Taylor rule in the form of a LFPR gap, which could address the difficulties and uncertainties associated with estimating an output gap. Figure A1 illustrates time plots of the relevant data series listed in Table A1 . According to the graphical representations, the majority of the variables appear to be stationary. To statistically determine the univariate characteristics of the variables, augmented Dickey-Fuller (ADF) tests were utilized. Table A2 shows the results of the ADF tests on all the data series in their levels, while Table A3 summarizes the results of the ADF test on the data series in their first differenced form. The series are classified as integrated of order zero, and are thus rendered as stationary in their level. 
